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\S 1.
( ) $\mathrm{G}\mathrm{L}$ Ginzburg-Landau $(\mathrm{G}\mathrm{L})$
. . $\Omega\subset \mathbb{R}^{3}$
. $(\Phi, A)$
.
(1.1) $\mathcal{H}_{\lambda}(\Phi, A)=\int_{\Omega}(\frac{1}{2}|(\nabla-iA)\Phi|^{2}+\frac{\lambda}{4}(1-|\Phi|^{2})^{2})dx+\int_{\mathrm{R}^{3}}\frac{1}{2}|\mathrm{r}\mathrm{o}\mathrm{t}A|^{2}dX$ .




$(\nabla-iA)^{2}\Phi+\lambda(1-|\Phi|^{2})\Phi=0$ in $\Omega$ ,
$\frac{\partial\Phi}{\partial\nu}-i\langle A\cdot\nu\rangle\Phi=0$ on $\partial\Omega$ ,
rot rot $A+(i(\overline{\Phi}\nabla\Phi-\Phi\nabla\overline{\Phi})/2+|\Phi|^{2}A)\Lambda\Omega=0$ in $\mathbb{R}^{3}$ ,
$\langle\cdot, \cdot\rangle$ , $\Lambda_{\Omega}$ $\Omega$ . Jimbo and Morita [10] ,
\Omega $\subset \mathbb{R}^{3}$ . – , $\Omega$
– $\text{ }$ .
. - Jimbo, Morita, Zhai [11]
(1.3) $\triangle\Phi+\lambda(1-|\Phi|^{2})\Phi=0$ in $\Omega$ , $\partial\Phi/\partial\nu=0$ on $\partial\Omega$ ( $\mathbb{C}$ -valued).
( ) $\Omega$ . $\overline{\Omega}$ $S^{1}=\{z\in \mathbb{C}|$
$|z|=1\}$ $\mathcal{M}$ . [11] $\mathcal{M}$
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$\lambda>0$ .
[12], [13] .
. $\mathcal{H}(\Phi, A)$ $D=H^{1}(\Omega;\mathbb{C})\cross 1$
$Z$ . ,
$Z=\{A\in L6(\mathbb{R}^{s} ; \mathbb{R}^{3})|\nabla A\in L^{2}(\mathbb{R}3\mathbb{R};)3\cross 3\}$ .
$D$ Local minimizer .
Local minimizer , $\mathcal{H}_{\lambda}$
( ) . . , (1.1)
(1.2) ( ) .
(1.4) $\{$
$(\Phi, A)\mapsto(\Phi’, A’)$
$\Phi’=e^{i\rho}\Phi$ , $A’=A+\nabla\rho$ $(\rho:\mathbb{R}^{3}arrow \mathbb{R})$ .
$\rho$ , $(\Phi, A)$
. , $(\Phi, A)$
$C(\Phi, A)$ $\mathcal{H}_{\lambda}$
. $C(\Phi, A)$ $T(\Phi, A)$ , $N(\Phi, A)$
. $(\Phi, A)\in D\cap C^{1}$ .
$T(\Phi, A)=\{(i\xi\Phi, \nabla\xi)|\xi\in L_{l}^{2}co(\mathbb{R}^{3}), \nabla\xi\in Z\}$ .
$N( \Phi, A)=\{(\Psi, B)\in H^{1}(\Omega;\mathbb{C})\cross Z|\int_{\Omega}{\rm Im}(\Psi\overline{\Phi})dX=0,$ $\mathrm{d}\mathrm{i}\mathrm{v}B=0$ in $\mathbb{R}^{3}\}$ ,
$D$ $(\Phi, A)$ $T(\Phi, A),$ $N(\Phi, A)$ .
1.
(1.5) $D=T(\Phi, A)\oplus N(\Phi, A)$ .
2 $\Phi=u+vi,$ $\Psi=\phi+\psi i$ $\mathcal{H}_{\lambda}$ 2
.
(1.6) $\mathcal{L}_{\lambda}(\Phi, A, \Psi, B)--\frac{d^{2}}{d\epsilon^{2}}\mathcal{H}\lambda(\Phi+\epsilon\Psi, A+\epsilon B)_{|\epsilon 0}==$
$\int_{\Omega}\{|\nabla\phi+\psi_{A|^{2}}+|\nabla\psi-\emptyset A|^{2}-\lambda(1-u-2v^{2})(\emptyset^{2}+\psi^{2})+2\lambda(u\emptyset+v\psi)^{2}\}dX$
$+ \int_{\mathrm{R}^{3}}|\mathrm{r}\mathrm{o}\mathrm{t}B|^{2}dx+\int_{\Omega}(u^{2}+v2)B^{2}dx$
$+4$ $\int_{\Omega}\langle A\cdot B\rangle(u\emptyset+v\psi)dx-2\int_{\Omega}\{\phi\langle\nabla v\cdot B\rangle-^{\psi}\langle\nabla u\cdot B\rangle+u\langle\nabla\psi. B\rangle-v\langle\nabla\emptyset\cdot B\rangle\}dX$
22
2. $(\Phi, A)$ $D$ (1.2) $C^{1}$ - , .
(1.7) $L_{\lambda}(\Phi, A, \Psi, B)=\mathcal{L}\lambda(\Phi, A, \Psi’, B^{;}.)$
, $(\Psi, B),$ $(\Psi’, B’)\in H^{1}(\Omega;\mathbb{C})\cross z,$ $(\Psi-\Psi’, B-B’)\in T(\Phi, A)$ .
\S 2.
. $\Omega\subset \mathbb{R}^{3}$ .
(A) $\overline{\Omega}$ $S^{1}$ ( ,
$\mathcal{M}$ ).
. $n=3$ $\Omega$
(cf. [11 ; Appendix]).
$\Omega$ .
3. $(A)$ . $\theta_{0}\in M=C0(\overline{\Omega};s1)$ , $\lambda 0>0$
$\mathcal{H}_{\lambda}$ Local minimizer $(\Phi_{\lambda}, A_{\lambda})(\lambda\geqq\lambda_{0})$ ( L2) ),
$\lim\sup||\Phi_{\lambda}(X)|-1|=0$
$\lambdaarrow\infty_{x\in\Omega}$
, $\Phi_{\lambda}(x)/|\Phi_{\lambda}(x)|$ : $arrow S^{1}$ $\theta 0$ $-\text{ ^{}\mathrm{O}}$ .




(2.1) $\mathcal{L}_{\lambda}(\Phi_{\lambda}, A_{\lambda}, \Psi, B)\geqq c(||\Psi||2H^{1}(\Omega;\mathbb{C})+||B||_{L^{2}(}2)\Omega;\mathrm{R}^{\mathrm{s}}+||\nabla B||_{L()}^{2}2\mathrm{R}^{\epsilon};\mathrm{R}^{\mathrm{s}\cross}3)$
$(\Psi, B)\in N(\Phi_{\lambda}, A\lambda),$ $\lambda\geqq\lambda_{0}$ .
2 , 4 ,
, , ( )
.
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5. $(\Phi_{\lambda}, A_{\lambda})$ . ,
$c>0,$ $\delta>0$
(22) $\mathcal{H}_{\lambda}(\Phi_{\lambda}+\Psi, A_{\lambda}+B)-\mathcal{H}_{\lambda}(\Phi_{\lambda}, A_{\lambda})\geqq$
$c(||\Psi||_{H^{1}(}^{2}\Omega;\mathbb{C})+||B||^{2}L2(\Omega;\mathrm{R}3)|+|\nabla B||_{L^{2}(\mathrm{R}^{\mathrm{s}}}2;\mathrm{R}\epsilon\cross\epsilon))$
$(\Psi, B)\in N(\Phi\lambda, A\lambda),$ $||\Psi||_{H^{1}(\Omega \mathbb{C})(;)}2;+||B||2+L2\Omega \mathrm{R}3||\nabla B||^{2}L^{2}(\mathrm{R}^{3};\mathrm{R}^{3\cross 3})\leqq\delta,$ $\lambda\geqq\lambda_{0}$ .
4 5 . .
6. $c_{1}$ , c2 $>0$ , .




$(\Psi, B)\in H^{1}(\Omega;\mathbb{C})\cross Z$.
(1.1) , $(\Phi_{\lambda}, A_{\lambda})$ –
2
. 5 4 .
\S 3.
$(\Phi_{\lambda}, A_{\lambda})$ .
, (2.3) ( ). ,
. 3 . (i),
(ii) $\Omega(\zeta)\subset \mathbb{R}^{3}(\zeta>0)$ .
(i) $\Omega(\zeta_{1})\supset\Omega(\zeta_{2})\supset\Omega$ $(\zeta_{1}>\zeta_{2}>0)$ .
(ii) $\lim_{\zetaarrow 0^{\mathrm{V}\mathrm{o}}(\Omega(\zeta}\mathrm{l})\backslash \Omega)=0$ .
$\Omega(\zeta)$ :
(3.1) $\mathcal{H}_{\lambda,\zeta}(\Phi, A)=\int_{\Omega(\zeta)}(\frac{1}{2}|(\nabla-iA)\Phi|^{2}+\frac{\lambda}{4}(1-|\Phi|^{2})^{2})dx+\int_{\mathrm{R}^{3}}\frac{1}{2}|\mathrm{r}\mathrm{o}\mathrm{t}A|^{2}dx$.
. $\mathcal{H}_{\lambda,\zeta}$ $D(\zeta)=H^{1}(\Omega(\zeta);\mathbb{C})\cross Z$ .
7. $\lambda>\lambda_{0}$ . , $\zeta 0$ $\mathcal{H}_{\lambda,\zeta}$ $(0<\zeta<\zeta 0)$ ,




, $(\Phi_{\lambda}, A_{\lambda})$ 1 .
( )
$\Phi_{\lambda}$
$\Omega$ $\mathbb{R}^{3}$ \Phi \mbox{\boldmath $\lambda$}\in Hl $(\mathbb{R}^{3} ; \mathbb{C})$ . ,
( ) . ,
$F(\delta, \epsilon, \zeta)=\{(\Phi, A)\in D(\zeta)|((\Phi-\tilde{\Phi}_{\lambda})_{|\Omega}, A-A\lambda)\in N(\Phi_{\lambda}.’ A_{\lambda})$ ,
$\mathcal{H}_{\lambda,\zeta}(\Phi, A)-\mathcal{H}_{\lambda,\zeta}(\tilde{\Phi}\lambda, A\lambda)<\epsilon$ ,
$||\Phi-\tilde{\Phi}\lambda||_{H}1(\Omega;\mathbb{C})+2||A-A\lambda||_{L}2(\Omega;\mathrm{R}\mathrm{s})+2||\nabla(A-A\lambda)||L2(\mathrm{R}^{3};\mathrm{R}3\cross 3)^{2}<\delta\}$
.
(Step 1). $\zeta>0,$ $\delta>0,$ $\epsilon>0$ , $\mathcal{H}_{\lambda,\zeta}$ ,
. $\mathcal{H}_{\lambda,\zeta}$ $(\overline{\Phi}_{\lambda}, A_{\lambda})$
“ 2 ” ,
. \S 2 6 $Q(\zeta)$ .
8. $c_{1},$ $c_{2},$ $c_{3}>0$ .
(3.2) $\mathcal{H}_{\lambda,\zeta}(\Phi, A)-\mathcal{H}_{\lambda,\zeta}(\tilde{\Phi}\lambda, A_{\lambda})\geqq\frac{1}{2}\mathcal{L}_{\lambda}(\Phi_{\lambda}, A_{\lambda}, (\Phi-\overline{\Phi}_{\lambda})_{|\Omega}, A-A\lambda)$
$-c_{1}||\Phi-\overline{\Phi}\lambda||^{4}H1(\Omega;\mathbb{C})-c2||A-A_{\lambda}||^{4}H1(\Omega;\mathrm{R}^{3})-c_{3}\mathrm{V}\mathrm{o}\mathrm{l}(\Omega(\zeta)\backslash \Omega)$ , $(\Phi, A)\in D(\zeta),$ $\zeta>0$ .
4 , $\delta>0$ ( $\epsilon>0,$ $\zeta>0$ )
$\mathcal{H}_{\lambda,\zeta}(\Phi, A)-\mathcal{H}_{\lambda,\zeta}(\tilde{\Phi}_{\lambda}, A_{\lambda})+C3\mathrm{V}\mathrm{o}\mathrm{l}(\Omega(\zeta)\backslash \Omega)\geqq$
$||\Phi-\Phi_{\lambda}||^{2}H1(\Omega;\mathbb{C})+||A-A_{\lambda}||^{2}L2(\Omega;\mathrm{R}^{\epsilon})+||\nabla(A-A_{\lambda})||2L^{2}(\mathrm{R}^{\mathrm{s}};\mathrm{R}^{\epsilon\cross \mathrm{s}})$ $(\Phi, A)\in F(\delta, \epsilon, \zeta)$ .
$\delta>0$ 6 $c_{1},$ $c_{2,3}c$ .





\mbox{\boldmath $\zeta$} $>0$ $F$ Global minimizing problem
Attain . $(\Phi_{\lambda,\zeta}, A_{\lambda,\zeta})\in D(\zeta)$ .
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(Step 2). Step 1 $(\Phi_{\lambda,\zeta}, A_{\lambda,\zeta})F$ Local minimizer
$D(\zeta)$ Local Minimizer .
$F$ $D(\zeta)$ .
$T(\delta, \epsilon, \zeta)=\{(\Phi, A.)\in D(\zeta)|\mathcal{H}_{\lambda,\zeta}(\Phi, A)-\mathcal{H}_{\lambda,\zeta}(\tilde{\Phi}\lambda, A\lambda)<\epsilon$ ,
$||\Phi-\tilde{\Phi}\lambda||_{H}1(\Omega;\mathbb{C})+||A-A_{\lambda}2||_{L}2(\Omega;\mathrm{R}^{3})+|2|\nabla(A-A_{\lambda})||L2(\mathrm{R}3\mathrm{R}^{3\mathrm{x}};)32<\delta\}$
(3.3) $T(\delta’, \epsilon, \zeta)\ni(\Phi, A)-(\Phi’, A’)=(\Phi e^{i}, A\rho+\nabla\rho)$
9. $\delta’>0$ ( $\epsilon,$ $\zeta>0$ ) $(\Phi, A)\in T(\delta’, \epsilon, \zeta)$
$\rho$ , (3.3) $F(\delta, \epsilon, \zeta)$ . , $\rho$
$(\Phi, A)$ .
$K$ : $T(\delta’, \epsilon, \zeta)arrow F(\delta, \epsilon, \zeta)$
$F(\delta’, \epsilon, \zeta)$ If .
, $F(\delta’, \epsilon, \zeta)$ $\mathcal{H}_{\lambda,\zeta}$ Minimizer
$T(\delta’, \epsilon, \zeta)$ Minimizer , $D(\zeta)$ Local minimizer
. , $\delta’>0$ $\epsilon>0$ ( $\epsilon>0$. $\delta>0$
), Step 1 , Local minimizer .
$n=3$ , (i), (ii) $\{\Omega(\zeta)\}$
. , . - ,
3 $(\Phi_{\lambda}, A_{\lambda})$ , $\Phi_{\lambda}$ , $\mathbb{C}$ –
. , $\Omega(\zeta)$ $\Omega$
. , $\Omega(\zeta)$ , $\Phi_{\lambda,\zeta}(\Omega(\zeta))$ $0$
. , , ( ) .
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